Blood Flow and Prophylaxis ofDeep Vein Thrombosis
The idea that venous thrombosis is associated with stagnation of blood flow dates from the well worn precepts of Virchow. Our interest was stimulated by 'the studies of MacLachlin (1951) who demonstrated phlebographically the stagnation of blood that occurs in the soleal sinuses and of Gibbs (1957) who demonstrated in autopsy studies that the same sinuses were the principle site ofvenous thrombosis.
We have favoured a mechanistic approach to the problem, based on the measurement of venous blood flow and an appraisal of the action of several means of physically modifying this flow. Our early work, on the effects of static calf compression (Spiro et al. 1970 ) showed it to be of little benefit in promoting venous return. Others have subsequently shown it to be of little value in preventing postoperative thrombosis. This early attempt was followed by an assessment of the effects produced by simulated exercise from passive flexion of the foot. Using a motorized foot mover we demonstrated that the mean level of the venous flow and its pulsatility could be increased by 35% and 500% respectively by flexing the feet at ±30' (Roberts et al. 1971) . A subsequent clinical trial of peroperative passive flexion as a prophylactic for deep vein thrombosis (DVT) showed, using the 1121 fibrinogen test, that a 77% reduction in the incidence of DVT could be achieved (Sabri et al. 1971a ).
This left unanswered the question as to whether it was the mean level of the flow or its pulsatility which was the important factor in preventing postoperative DVT and prompted a closer examination of the hmmodynamic effects of applying external compression to the calf. An investigation of the effects of intermittent compression revealed that the pressure cycle needed to produce the maximal hmmodynamic disturbance to the venous flow was a pulse rising from zero at 8 mmHg/s to a maximum of 40 mmHg and then falling to zero. The optimum interval between successive pulses was found to be 100 seconds. Applying this train of compressions to the leg renders the venous flow highly pulsatile (a twelvefold increase) without affecting the mean level ofthe flow (Roberts et al. 1972) .
Subsequently a clinical trial of the value of per-operative intermittent calf compression showed the technique to be capable of reducing the incidence of postoperative DVT by 82% (Sabri et al. 1971b ). This indicated that the most important factor in preventing thrombosis was not to reverse the precipitous fall in the mean level of flow which follows induction of antsthesia, but merely to keep what flow there is pulsating through the venous system.
The number of patients in this trial was small as the results had been examined by sequential analysis. Furthermore others had found that intermittent calf compression (with a pressure cycle different from ours) was unable to prevent DVT in patients with malignant disease. Our trial had indicated the opposite, but the numbers involved were too small to be significant. Accordingly we started on anotber trial to study this point. Furthermore, we had in the meantime developed an improved device (Roberts et al. 1973) for producing intermittent calfcompression, which is now marketed commercially.
The results of this new trial confirmed our original findings that DVT could be successfully prevented by per-operative calf compression. More importantly it showed that in patients with malignant disease the reduction achieved was almost 90 %. Further analysis of the daily isotopic leg scans of the control group revealed that the pattern of thrombus development in patients with malignant disease differed markedly from those without. In those with malignant disease, the thrombi were nearly all apparent during the first 24 hours following operation, while in those with no evidence of malignant disease the thrombi were spread over the whole postoperative period. This explains very simply why our method, which is as yet only applied during the operation, is more effective on patients with malignant disease. It suggests that if it were also applied during the postoperative phase, it might be totally effective in preventing postoperative DVT.
Conclusion
Intermittent calf compression is a simple, safe and effective way of preventing postoperative deep vein thrombosis. It requires no attention during use and has no contraindications. We would commend its use particularly in patients with evidence of malignant disease. 1970) indicate that there has been nearly a sixfold increase in mortality due to pulmonary embolism during the period 1943-71.
The true magnitude of the problem has been revealed by several studies. The cause of almost all deaths has been determined by post-mortem examination. These autopsy studies have clearly shown that if the mortality due to pulmonary embolism is to be significantly reduced the prophylaxis must be directed towards patients who are confined to bed at home with various illnesses, those in medical wards, those with fractures of the lower limbs, those undergoing various orthopedic procedures, high risk patients having general abdominal surgery and obstetric patients, especially those with complicated pregnancy.
Many attempts have now been made to prevent thrombosis by simple means such as the use of chemical agents. Following surgery or childbirth there is increased platelet adhesiveness and some workers believe that this increased adhesiveness makes the platelets more likely to form a platelet nidus; for example at the site of endothelial damage or in the area of maximal stasis. It is argued that if this increased platelet adhesiveness could be prevented the likelihood ofthrombus formation would be reduced. It is with this background that various drugs have been investigated which decrease platelet adhesiveness. These include dextran (usually dextran 70), dipyridamole, aspirin and other compounds.
The second chemical approach has been the use of drugs which interfere with the coagulation mechanism. A vital step in the sequence of coagulation is the conversion of prothrombin to thrombin following the activation of factor X. The thrombin so formed converts fibrinogen into fibrin, which in turn forms the essential network of a venous thrombus. Two different types of drugs have been investigatedoral anticoagulants, which act by reducing the synthesis in the liver of clotting factors II, VII, DX and Xand heparin, which also interferes with the coagulation mechanism.
The third group of drugs increases naturally occurring fibrinolytic activity in the body, presutnably by acting on the venous endothelium, so that small thrombi which are formed frequently are rapidly dissolved.
Many papers have recently been published, claiming success or otherwise, with various types of drugs and their results are summarized in Table 1 .
The evidence that drugs such as aspirin and dipyridamole, known to interfere with platelet 
